Background: A small minority of patients undergoing gastroenterological surgery are at high risk for postoperative complications, which may lead to prolonged hospital stay, disproportionate use of resources and increased mortality. The nature and frequency of, and predictive factors for, postoperative complications were studied and the impact of complications on resource utilization was assessed.
Introduction
Recovery from surgery is fast and uncomplicated in most patients and the overall mortality rate after non-cardiac surgery is approximately 1±2 per cent 1±3 . Several patientand operation-related factors increase the risk of complications. Established risk factors include increasing age, impaired cardiovascular function and type of surgery 1,4±7 . In gastrointestinal surgery postoperative complications occur more frequently and the mortality rate is higher (4 per cent) than in many other surgical specialties 1,8±15 . Patients who develop complications and whose hospital stay is prolonged may consume a disproportionately larger share of the available resources 7, 16 . Postoperative morbidity may not only increase the costs of care but also lead to prolonged sick leave and to permanent incapacity.
Recent studies suggest that preoperative screening may facilitate the selection of patients for appropriate perioperative management 15, 17 , and that perioperative interventions on high-risk patients undergoing major surgery may be bene®cial and reduce the risk of death or the length of hospital stay 18, 19 . De®nitions of complications and risk factors related to gastroenterological surgery vary extensively 8, 9, 13, 20, 21 . The reported incidence of complications is also greatly dependent on patient selection 22 . Few reports have clari®ed the implications of complications for an individual patient or for resource utilization 23 . The aim of this study was to determine the nature and frequency of complications after gastroenterological operations, and to identify factors predictive of postoperative morbidity. The primary endpoint was to assess the impact of postoperative complications on resource utilization in terms of length of hospital stay, need for intensive care and costs.
Patients and methods
This was a prospective follow-up study with no interventions. The ethics committee of Kuopio University Hospital (KUH) approved the study and informed consent was obtained from each patient or the near relatives. KUH serves as a tertiary referral centre to a population of 870 000 inhabitants in eastern Finland. The study population consisted of patients aged 16 years or more, admitted during a 12-month period between 1996 and 1997, and having a laparotomy for a gastroenterological disease. Those who had an appendicectomy, a transrectal procedure or inguinal herniotomy were excluded. If the patient had more than one operation, the ®rst procedure was taken into account. All patients were treated according to the routine practice of the attending anaesthesiologists and surgeons.
Data were collected prospectively for preoperative diseases, American Society of Anesthesiologists (ASA) status 24 , Shoemaker's criteria 25 , Physiological and Operative Severity Score for the enUmeration of Mortality and morbidity (POSSUM) 26 , and type of surgical procedure. An operation was classi®ed as urgent if the patient was considered to need an operation within 24 h after hospital admission. Follow-up lasted for 6 months after discharge. Complications were prede®ned ( Table 1 , Fig. 1) 
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. The impact of complications (Fig. 2) was assessed by an anaesthesiologist (M.L.) and a gastrointestinal surgeon (P.M.). The change from the preoperative health status was taken into account. Because factors other than purely medical variables may in¯uence discharge from hospital, each patient was assessed individually. As a guideline, the usual length of hospitalization was taken as 7 days for exploratory laparotomy, 5 days for ventral hernia operation, 11 days for a procedure involving the oesophagus, stomach and duodenum, 10 days for an intestinal procedure, 12 days for a rectal procedure, 7 days for stoma formation, 7 days for open cholecystectomy, 12 days for pancreatic resection and 7 days for other procedures.
Cost accounting
The communities in the KUH catchment area ®nance the hospital. KUH receives a government subsidy for education and research. The calculation of costs was based on the internal hospital cost accounting system, under which each department within the hospital sells services to other departments on a non-pro®t basis. The prices of these services are determined by the total costs of a service per patient. The costs were calculated by totalling the costs of anaesthesia, surgery, intensive care unit (ICU), operating room, all laboratory tests, clinical radiology, drugs, nutrition and costs of hospital patient-days accumulated per patient during the same hospital stay. This method can be regarded as a modi®ed bottom-up method. The costs were obtained from the hospital's computerized database. ICU costs were obtained from a clinical information management system (Clinisoft CIMS â ; Datex-Ohmeda, Helsinki, Finland) and calculated as follows: cost per therapeutic intervention scoring system (TISS) score = annual ICU expenditure/total accumulation of TISS scores; costs per patient = patient TISS score accumulation Q cost of one TISS score. In 1996±1997 the cost of one TISS point was C = 33 28 .
Statistical analysis
Statistical analysis was performed using the Statistical Package for Social Sciences version 7.5 program (SPSS, Chicago, Illinois, USA). Data are expressed as median (range) unless otherwise stated. Differences between groups were calculated by c 2 test, Student's unpaired t test or Mann±Whitney U test as appropriate. No correction for multiple comparisons was performed. Logistic regression analysis was carried out to study the independent contribution of variables on the development of complications. Youden's index 29 (sensitivity + speci®city ± 1) was chosen for the best cut-off value. Statistical signi®cance was de®ned as P < 0´05.
Results

Demographics
The study population consisted of 503 patients (236 men and 267 women) who underwent 566 operations. Six hundred and ninety-eight patients ful®lled the inclusion criteria and 195 were excluded owing to patient refusal or failure to obtain consent. These patients did not differ from the study patients with respect to age, sex, ASA status, length of hospital stay or hospital mortality rate. Descriptive data according to the site of operation are presented in Table 2 . Fifty-six patients were classi®ed as having ASA status I, 179 as ASA II, 232 as ASA III, 32 as ASA IV and four patients as ASA V. No Shoemaker's criteria were present in 279 patients, 135 had one criterion and 89 had two or more criteria. The median POSSUM score was 21 (10±47). There were 272 patients with a chronic cardiovascular disease (coronary heart disease, heart failure, rhythm disturbance, hypertension or cerebrovascular disease). Sixty-seven patients had a chronic respiratory disease.
Morbidity and mortality
A total of 235 patients had at least one complication. Onequarter of patients had a surgical complication, either functional or mechanical, one-®fth suffered from infective complications and 13 per cent had a cardiorespiratory complication (Fig. 1) . Surgical and infective complications were most common after rectal operations ( Table 3 ). The total number of complications was 376; 166 patients had one complication, 41 had two and 30 had three or more complications.
In 173 patients complications led to increased resource consumption or hospital death (Fig. 2) . Thirteen patients died in hospital during the same hospitalization, 19 patients within 30 days and 46 within 6 months of the ®rst operation.
Factors associated with complications
Factors associated with complications are shown in Table 4 . Fourteen of the 17 patients who had pre-existing cardiovascular disease and who underwent rectal operation developed complications. The presence of chronic respiratory disease did not increase the occurrence of complica- 
tions. One hundred and forty-one patients (47 per cent) undergoing elective surgery and 94 (46 per cent) of those who had an emergency operation had complications. The difference between these groups was not signi®cant.
Patients with complications had a greater number of Shoemaker's criteria and higher POSSUM scores than those with uncomplicated postoperative recovery (1 (0±6) versus 0 (0±3) and 24 (10±47) versus 19 (10±44) respectively; P < 0´001). In a logistic regression analysis containing the variables listed in Table 4 , as well as chronic respiratory disease, number of Shoemaker's criteria and rectal surgery as independent variables, only the number of Shoemaker's criteria (P < 0´001) and the length of operation (P < 0´01) were signi®cant predictors for complications. The sensitivity and speci®city of ASA status, Shoemaker's criteria and POSSUM in identifying patients who developed postoperative complications are presented in Table 5 .
Resource allocation
The length of hospital stay after operation was 8 (0±74) days. The length of stay of patients with complications was longer than that for those without complications (11 (1±74) versus 6 (0±21) days; P < 0´001). The 235 patients (47 per cent) who had a complicated recovery accounted for 3332 hospital patient-days, or 67 per cent of all patient-days of the study patients. The 119 patients (24 per cent) whose hospital stay lasted 13 days or longer consumed half of all hospital patient-days. Of these, 105 patients had complications. Costs per patient among patients with complications were higher than costs among those without complications (C = 6551 (1527±83 869) versus C = 3638 (896±14 849); P < 0´001) after both scheduled and urgent surgery (Fig. 3) . The urgency of operation did not affect costs in different complication categories (Fig. 4) . The in¯uence of complications on length of stay and costs according to the site of operation is presented in Table 6 .
Thirty-eight patients were admitted to the ICU. Eleven of these patients were already being treated in the ICU before the ®rst operation and 27 were admitted to the ICU after the ®rst operation or later during their postoperative hospital stay. Three of these 27 patients had a scheduled ICU admission after surgery and had no complications. Six of the 24 patients who had an emergency admission to the Values in parentheses are percentages. *Patients could have complications in more than one category. The frequency of complications was ²higher or ³lower than that in all remaining patients (P < 0´05, c 2 test) ICU died during their stay in hospital. The ICU stay of 24 patients with a postoperative emergency ICU admission lasted for 2´2 (0´3±70) days and the median cost of the ICU stay was C = 2748 (762±178 136). The ICU costs represented one-third of all costs for these patients.
Discussion
The main ®ndings of this study were that approximately one-half of patients undergoing gastroenterological surgery had postoperative complications, which resulted in a twofold increase in the length of hospital stay and costs of care.
Complications have been reported to occur in up to twothirds of patients undergoing gastroenterological surgery, presumably because of wide de®nitions 13 . Cardiopulmonary complications occurred in one-®fth of patients in a study by Pedersen et al.
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. Cardiovascular and respiratory complications occurred together in one-third of patients described by Lawrence et al.
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. The results of the present study are in accordance with these ®ndings. Of 64 patients with cardiorespiratory complications, 18 patients had both cardiovascular and respiratory problems. In a study by Hall and Brooks 13 the incidence of infectious complications (22 per cent) and wound infection (6 per cent) corresponded with those of the present study, while parenteral nutrition was required less frequently (6 per cent). Variable de®ni-tions and heterogeneity between patients make comparison between studies dif®cult. For practical reasons blinding of the study was not considered feasible and it remains unclear how blinding would have affected the results. In addition, the fact that no protocols for the management of complications were used may have caused bias because clinicians were aware of the study.
Complications were associated with easily recognizable clinical factors, such as increasing age, cardiovascular diseases and a prolonged operation, and occurred most often with rectal surgery as noted previously 4±6,10 . Shoemaker's criteria have been used mainly to select patients for therapeutic trials 25, 27 , and have not been designed speci®cally for risk prediction. Nevertheless, the ability of these rather pragmatic and readily available ASA, American Society of Anesthesiologists; POSSUM, Physiological and Operative Severity Score for the enUmeration of Mortality and morbidity criteria to predict complications was con®rmed in the present study. A further argument for the evaluation of these criteria is the lack of widely accepted instruments for predicting complications in gastroenterological surgery. In a study by Boyd et al. 27 the mortality rate was 14 per cent if a patient had two or more Shoemaker's criteria, compared with 11 per cent among this patient group in the present study. However, Shoemaker's criteria were not very sensitive in identifying high-risk patients. Complications were clearly associated with a higher POSSUM rating, but the low speci®city limits its value in clinical practice. A modi®cation of POSSUM, the Portsmouth POSSUM equation, may provide a more accurate prediction 30 . Postoperative complications caused a major increase in resource utilization, most commonly owing to prolonged hospitalization. Previous studies have shown an approximately twofold increase in the length of stay or costs due to complications after abdominal 9 or cardiac 23 surgery, and in high-risk surgical patients in general 19 . Lawrence et al. 9 reported that hospital stay was longer after pulmonary than cardiac complications among patients undergoing abdominal surgery. The costs depend on various clinical practices . After colorectal surgery the excess cost has been estimated to be C = 2131 and after cholecystectomy C = 1139 per infection 31, 32 . In the present study the variation in cost and length of stay within various types of surgery was great. Death, however, may be the most costly ultimate outcome 23 . There were no major differences in the length of stay or costs between the type of complications and therefore any complication may be relevant. If the complication rate could have been halved by an intervention in all patients with two or more Shoemaker's criteria (n = 89), 446 patient-days and C =260 858 could have been saved.
In a previous study of patients undergoing digestive or hepatobiliary surgery, 6 per cent of patients were admitted in the perioperative period to the ICU 13 . In the present study 8 per cent of patients were treated in the ICU during some phase of their disease, although only a small proportion (2 per cent) received preoperative¯uid therapy in the ICU or in the recovery room. Preoperative optimization of oxygen delivery in properly selected patients undergoing major surgery reduces the number of postoperative complications 19, 33 , improves survival and reduces costs 16 .
In conclusion, while half of patients recover without complications and can be managed normally, the remainder develop complications that double resource consumption and costs. There is evidence that the outcome after highrisk surgery may be improved by quite simple treatment interventions. Simple criteria for identi®cation and proper tracking of high-risk patients are desirable. Further studies aimed at improving the outcome for high-risk patients by treatment interventions are needed.
